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BOUNMRY-INIKK!EDUPWASHFORYAWEDANDSWEPT-BACK

WINGSINCLOSEDCIRCULARWINDTUNNELS

ByBertraruJ.Eisenstadt

SUMMARY

Thetunnel-inducedvelocitiesforyawedandswept-backairfoils.
Ina cloeedcircularwind.tunnelweredetermined.Tjlecalculations
wereperfcrmedforelement&lhorseshoevorticeshavingonetipof
theboundvortexonthetunnelaxisforE+rangeofyawanglesend
hound-vortexlengths.Fromtheseresults,thecorrectionforcom-
pleteyawedandswept-backwingsofarbitraryspanloadingmaybe
obtainedbya superpositionofsolutions.

Chartsandtablesoftheinducedvelocitynormaltotheplane
oftietunnelaxisendboundvortexarepresented.Inadtition,
forrmlasaregivenforobtainingthetunnel-inducedvelocltynormal
toanyotherplanecoritair.d.mgthetunnelsxis.Thesevelocities
areneededforswept-backwingsathighangleaofattack,wherethe
tunnelaxisandtiletwohalvesofthewingdonotallMe inthe
sameplane.Curvesarepresentetforconvertingthetunnel-induced
velocitiesintocorrectionstothegeometricangleofattackof
thewing.

Forthecadeoftheunyawedwing,comparisonofthepresent
resultsfortheinducedvelocitiesalongthetunnelaxiswiththose
obtainedhyIrmgardLotzandbyJ.M.Burgersshowsagreementwith
Burgers’results.SincethemethodofLotzwasusedinthepresent
study,itwouldap’pem’thathercomputationswereincorrect.

A proofof’thevalidityofthemethod
givenintheappendix.

INTIK)IUCTION

Wind-tunneltestingofyawedendswept
siderablyincreasedwiththedevelopmentof
flightatlargeanglesofsideslipmd with

presentedbyLotzis

airfoilshaacon-
maneuversinvolving
thedevelopmentof

interestintheuseofsweptwingsfortransonic,supersonic,arid

.



tall-lessaircraft.Thecorresponding..tunnelcorrections
beendifficulttoderive,inasmuchastheproblemisnot

T!NNo.lZ6~ -

I
have b,
reducible, i

aswitha fltralghtUnyavkdairfoil,tothatofa two-dimensional !
potentialflow.Rectangulartunnels,however,mayhetreatedby
themethodofimages,aswasdoneinreference1 inwhichcorrec-

1

tionsfor7- by10-footclosedtuanelsaregi,ven.Thelo~d~y
conditionsfortunuelsofcircularcross-sectioncannot‘besatis-
fiedbytheuseofima~esalone.Thepurposeofthepresent
studyistodevelopa methodfortreatingthiscaseoftheclosed
circulartunnelandtoevaluatethecorrectionsfora rangeof
conditions,

Themethodusedfollowsessentiallythatofreference2 in
whichthetunnel-inducedpotentialisbrokenupintotwopafis-
thatof’sreflectionvortexsystemwhichmakesthetunnela
streamlinefarfromtheairfoil,anda residualpotential,whose
effectiszeroatinfinity.Inorderthattheresultshereadily
applicabletobothyawedandsweptairfoils;the%oundvortexof
theelementalhorseshoevortexsimulatingthewingwasassmned
tohaveonetipatthetunnelaxis,so.that,forexemple,a
swept-backwingwithfairlyuniformloadingwouldberepresented
bytwosuchswept-backvortices,anda yawedwingwithuniform
loadingbyoneswept-backendoneswept-forwardvortex.Since
theboundvorticesmeetthetunnelaxis,theresultsareapplicable
onlytowingswithliftinglinesthatapproximatelyfulfillt.hi.s .-
condition.

Computationsweremadefora rangeofsweepanglesbetween *
.450~a 450,andarqe of spansupto0.9ofthetl.Ulnelr~~us,
sothat‘resultsforarbitraryloadingsmaybefoundbysuperposition.
Theinducedvelocitiesnormaltotheplaneofthehorseshoevortex
werecomputedfora rangeoflocationsinthisplane.Tnaddition,
dataaregivenbywhichtheinducedvelocl%ynormaltoanyplane
containingthetunnelaxismaybecomputed.Thesevelocitiesare
showntobeofinterestforhighlyswept-wingsat“largeanglesof
attack.

Noattempthasbeenmadetodescribethemethodsforconverting
theinduce~velocitiestocorrectionstothemeasuredaorodynemic
parameters,inasmuchassuchmethodsaredescrtbedinreference1.
Methodsforad~ustingtheresultsforcompressibilityeffectshave
alsonotbeendiscussed,
arenowwellknown.

inasmuchasthebasicconceptsandprocedures

SYMBQLS

o angleofYQWorsweepbackofboundvortex

*O angleofyaworsweepbaokofboundvortexinhorizontalplane



NACATNNo.1265 3
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tunnelradius
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8/r.

rectangularcoordinates(seefig.1) ,.

cylindricalcoordinates(seefig.1)

x/ro,Y/roJ z/ro
.’.,

r/r.

variableofintegration

potentialofelomentslhorseshoevortex

tunnelinducedpotential

potentialofreflectionvortices

residualpotential,@-@l
,, ..

circulationof.elernent~horseshoevortex, ,
,. I411ro”a(4~+ ~) .,mthFo~Wtercoe”~ficien~.of
*l;: “ “,” ‘—”” ar’ ‘*rr o,
= I~=o ,’,’

.. ...
?V32.

I
,,

SF ,Z=o

Ia# .,,
w1+w2=—

az Z=o

sngleofattackaboutfixedhorizontalaxis,,

an@le%etweenyl~e[of,’airfoilandplsneofhorseshoe
.—

Yortex .-,,,. ... . . ..
twice’sn~ebetweenplweofhotiseshoqvortextii

horizontalplane’ “ ““, -’.“.,.

,, ,.
,, . .



CL liftcoefficientofwing

L lif’tofwing

s wingarea

ANALYSIS

.

Theelementalhorseshoevortexisillustratedinfigure1.
Itoonsistsofa ‘boundvortexofconstantstrength,oflengths,
and.sweep’backangle$, withonetiponthetunnelaxisandtwo
trailingvorticesrunninginthedownstreamdirectionfromthe
tips.Thetwo.coordinatesystemswed herein(fig. 1) are related.
as follows:

x=x

y=rcoO~

z=rd.n@

andaredisposedsothatthex-axiscoincideswiththetunnelaxts,
andthe~-planeistheplaneofthehorseshoevortex.

Let @o(x, r, 6) bethepotentialoftheelemental-horseshoe
vortex.Thevelocitynormal.tothetunnelwall,r= ro, induced
bythisVOl”tSXit3

34k_r.+
Ir=ro

I

I

I
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Theproblemconsistsoffindinga functionQ(x,r,
hermnicinsidethecylinderr = r. andforwhich

8) whichiS

(1)
UL Ir=ro

ThefunctionQ Isthenthe
tothetunnelwalls.

Theparticularexternal
mdc9 thetunnela streamline

potentialoftheadd~tionalflovdue
.

reflectionvortexsystemchosento
atinf3@tyisshowninfigure1. .

Itconsistsoftwosemi-inflnltevortexlines,oneinthedirection
ofpositivex, ~d theotherinthedirectionofpositivey,

rc2
)joinedatthepoint(x,y,Z).=@,,=ti#O ● Thepotential

ofthisvortexsystcunisdesiwated01. “

Theresidualpotentielwhichmakesthetunnela streamline
everytiereisdesignated#2. Then,

and.

the
of

%yequation(1)

ThispotentialQ2 ishe.nmnicfor r < ro, becauseitis
differenceoftwoharmonicfunctions;moreover,thederivative
09 normaltothetunnelwallapproacheszeroas 1x1approaches

InfinItyThefunctionissoughtintheformofeninfiniteseries
ofharmonicfunctionsofthetype~X(x)R(r)0(.9)].Iffora
boundedharmonicfunctionofperiod27(in 6, andofarbitrary
period21 in x, sucha representationexists,itmusttslsethe
followingform(reference3, chapter1): -—

.—
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where Jm f’sthe rumorderBesselfunctionofthe.firstkind,and
theAfs,Bts,C1s,andD1stieconstantstobedetermined.Subsequently
1 willbemadetoapproachinfinity,.,.

convenienttointrcilucethenondim.enslon~variables:

Gg

Theseries for @2 thenbecomes

.-

.
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Since

formal.differentiationgives

7

-’l

(+coElmG c m ‘f’%]YJ.’(’)1 “)m&+D\mnco*y

Incrdertosatisfytheboundary
equation(2)thisseriesmustbe

2

conditionatthetunnelwall.by
madeequalto

+o~)I

Thisfunction,tiichisthevelooitynormaltothetunnelwall
inducedb~thehorseshoeendreflectionvortices,iscbt.ainedby
theBiot-Savartlawaa

.— —
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w=

r=ro

I!’@gucolll+

a%o+t +-~ - 2ClCOB@coO 0 + C%082+
L.

g-asln~.

l/k-usmf)2’l- 2a coB* COB.9+ a2coa2*

Zslne 1-—
[j

acos!fcoBQ -

& + sin% 1+ gwcos$l + 1- 20 Cos* COB 0 + 0%0s2$L

[’“’g“sinv+ Cosl$ Cos e

m

EsinlJ+coslj CoE!e-cl 1
(g-a sti*)2+l - 2a coe* coe.9+ 8c082*1]

.
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Ii’Iorder to satisfy the Immiary
necessaqtodeterminetheconstants

. equation(2)issa.tisfieii.Thefirst

+

conditionson O., itis
%uu %u, Cm, ~ sothat
etepistoe~andthefunction

w++@l)d ...
~ a F~~ferseries~ 9.

r Sincethisfmctionis
-r.

Em odd.functxcn of Q, the

a@* + q) I ‘

‘r Iz=ro

seriescontainsonly.ein8’term3.Thus

Eq~tingcoefficientsin
and(7) gives

r—
‘-k= >

&?&(s)Sinti
,,

m.

theexpansionsofequations(5)

(7)

*

TheseseriesaretheFourierexpansionsofthefunctions~(~)
and O, wherethesefunctionsareasswnedtobeofperiod2A.
in ~. Therefore

.

*, %n=%n=o”
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Thus,fromequation(4)

r
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.-

-1

4+ J

Considerformally~~~mo@2. Thete~ ~ . q isconsidered

a COIIthUCUSvariable’zmmhg fI?om0 toCD;then ;=dqand~

f

m n=o
is replacadby withrespecttoq,sothattheaforementioned

o
limit is.

d-a

A discussionoftheconvergenceof
derivativesto.thedesiredfunctionand
appendix.

thisseries
derivatives

J

.!

anditsformal’
isgiveninthe

-..

Theupwashvelocityduetothetunnelwallatpointsinthe
ylsneoftheairfoilisgivenby

-.

.

,
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J., .
isthevblocityduet&.thoreflectionvortices.,me term

axI‘a=w ~=o
isobtainedbydifferentiatingtheseriesfor Q2, ●

termtytmni.Theseries(aFouxierseriesin~) isverysuitably
arrsngedfortliiS differentiationnormaltotheplaneofthe
vertex,since

Thns,Iefining‘~ (q)= 1 when q> O and ~(q) = (-l)mwhen
q <0 gives

(10)

. .

.
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Thetotalcorrectiontothevertical.velocityintheplane
oftheairfoilisthen

Witw+v1 2 --

METHODOFCOMPUTATION

Thedeterminationof W2 isdependentuponenevaluationof
thefunctions~(~) andperformanceof-theoperationsindicated
inequation. Inmskingthesecalculations,itmustberemembered
thatthefunctions~(~) and,therefore,thefinalupwash
velocitydueb thetunnelwalldependsupontheparametersa
and*; consequently,a differentcomputationmustbeperformedfor
eachcofi’binatfonofthdsetwoparameters.Thepreflentcomputations
werepexformedfor a = 0.47and0.90 and-fur.$ = 0°5+l~o,+30°,

(n)

.-.
Thefunctions~(~)werecalculatedforthesevalues
$ andfor m= 1,2!3, 4 5$ Onlythefirstthree
&u(g)wereused,sinceF&(g)for highervaluesof zn
tobetoosmalltoaffecttheresults,Thecalculation
requiredtheexpansionof

a(o(’)+ ‘zQ
k I 2EF(?&e)

inal?ouriorseries,I?or
doneanalyticallybyfirst

[~> 10, thiscalculationcouldbe
exly=dingF(~,e) in a powerseries

in $. Terms of order~-$andhigherwereignored..Inorderto

valuesof ~ andfor300intervalsof 8
analysiswasperformedforeachvalueof

@

computedforthe
_anda numerical
~. Theintegral

desired
Fourier

.—

.B

.

.

was thenevaluatedbybreaking~(~) intotwoparts(fig.2):
‘k

~(g)= %i(g)+ %ii(g} (12)
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For 1~1~ 10,~i(~) is takenequalto~(~}. For1~1& 10,~i(g)
isdefinedbythethreest~ai@tlinesintersectingthecurve~(~)

tittheyoints~ =2-10,-Y; ~ = -*, ~; and~= +$,10. The

equationsof$hesestaigh{linesme alsolmownanalytically.The
function~il(~)isthendefinedbyequation’.

Since~i(~) ist@s lmowneitherasa linear
orasaninversepowerseriesin ~, theexpression

E

functionDf g

simplefunctionsplusintegralsofthe

f

w
“Qy2!2dp. Theeelatterintegrals

o

aretabulated.inreference4. Each
wasexpmdedina Fourierseriesby
integral.

oftheseparateloopsof ~ii(~)
numericalmethods,endthe

q(P-3) w

wasthenobtainedanalytically.Theintegral

wasthenfinallyobtainedintheform

-.

2 sin qi52m(d+’2 Cos d3Jz)
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ThefunctionsZm(q) and ~(q) hayebeengivenintableI
fw valuesof q runningfromO to2,fiinstepsofO.05x..InteWa-
tionwithrespectto q overthisr~e wasenoughtoensure
essentiallycompleteconvergencetotheirMnitzbg’mluesofall

theintegralsinvolvingq. ThefunctionsJm(iqo) were ,
3pq’T~’[iq)

obtained,forthesesanevaluesof q andvariousvaluesof p,
byuseofthetablesofreference4 andtherelatfonVetweenthe
derlvativeaofBesselfunctionsandthefunctionsthemselves
(reference~). TheQeresultsazzepresentedintable11. The
product

wasdeterminedforvariousvaluesoftheposltimparametersp
and.g andofthewin~parametersa end ~. Thefinalintegra-
tionwithrespectto q wasperformednumericallybyuseof
Weddle’%

The

. obtained

I,,

foniida (refejence 6),

f’unctions

m
-!

m Jm(@q)

“o=

.

.

asdescribedarepresentedin tableIII.Thevelocity
correctionW2 isthenob-tiinedbysumingthesefunctionsas-
ind~catodinequation(10);thevelocitycorrection~ is
cc?nputodbyuse ofequation(9),andthetotaltunnelinduced
velocityw isthusobtained.

Anadditionalcomputationwasperfoymedtofind%o tunnol-
wal.1correctionsforthelimitingcaseof’a wingwithzerospan
butwithfinitelift.Thefunctionsgm(~)shuplifiodsothat
theintegralwithrespectto ~ reduced.toanexpressioninvolving
simplefunctionsandthetabulatedBesselfunctions,
(r9ference3).

~andKl
Thesecondintegrationwasthenperformedinthe

seineway. .
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RF=T!SANDDISCUSSION

.,
Thevelocitiesw normaltathexy-plqne

kfirowconverteiito-thenondimensionalformraCOSW*

haveteen

Thisfunction

ispresentedfordifferentvaluesofthepositionandwing
parametersinfigures3 to7 aziitableXV. Thevaluesgiven
for 6 = 0.25 E@ 6 = O.7 wereobtainedhya numericsJ-
interpolaticm.Thereciprocd.softheupwashvelocitieswere
usedinthisinterpolation,sincel/wtendstovarylinearlywith
a, asisshownby+..eequation

L=@l=& ~,.
fortheupwashvelocityatanunyawedwing(reference7)’.

Thevariational.on~thetunnelaxisoftheinducedvelocity
w hasbeencomputedbyZotz(reference2)andBur~ers(refer- ‘
ence8)1forthespecialcaseofa wingatzeroeagleofyaw.
ThesevalueEJarenotincmnpleteagreementtitheachother.The

. resfltsobtainedhereinforthiscase,my~thod~essentj.~~
similartothoseofLotz,checktheresultsobtainedbyBurgers
(fig.8). M reference2,moreover,Lotzhasstatedthatthe

. inducedvelocityobtained.bythecalculationflof13urgers(refer-
ence~)doesnothavea maximum.Anextensionofthesecalculations
showed,however,thatameximum3sobtained.Itmustaccordingly
beconcludedthe,tLotzisinerrorbcthastoresultsandaccusation.
Bmgers’methcdwasnotusedh thepresentworkbecauseit
appearedfrcmprelf@narystudytobeveryunwieldy.Closer
inspection,however,hassinceindicatedtiatthecomputations
involvedwouldprobablyhavebeenlesslaboriousthenthoseneeded
withthemethod-ofLot:.

WingsatHi@ AnglesofAttack

Ingeneral,a yawedwingina windtuunelia
itsquarter-chordltneandthisan~e ofrotation

rotate&shout
Z istheangle

.

“

ofattackofthewing.Incorrectingforthetunnel-induced ~..- —
l~~o@ ‘e!ezrence8 ispublishedunderthejointauthorship

‘ofvonKarmenendBurgers,theprefacesta’tosthatthecha~ter
citedhereinwascontrihutedbyBurgers.
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velocity,itisassumedthatonlytheveloclty
oftheliftinglineandfree-stresmdirection,

- NACATNNO.1265

normaltotheplsne
thexy-plame,has

anyeffectonthelift.Thecorrectionismadetotheangleof
attackandisgivenby.,

&tdsnfm=~ (13)
v Cosw

wherew is-thetunnel-inducedvelocitynormeltothexy-plane
and V cos$ Isthecomponentofthefree-streamvelocityno?mal
totheaxisofrotation.Itisthisvelocityw whichis .-hfirow
tabulatedhereinIntezmmoftheparameter~.

To CM* ‘en’ ‘“

or,%yusingtherelation.betweenclrculatlcmandJ-iftcoefficient
(ifthewingosmbeas#wnedtobeadequatelyrepresentedbya
&ingleMfting

thecorrection

. i

Iw

lineofuniformcirculation)

&(c~sf’ *r. Cos*)

mayberewrittaas .

(14)

Specialconsiderationmustbegiventothecaseofswept-back
wing~.Forthiscase,thewingisrotatedabouta fixedhorizontal
axisnormaltothetunnelaxis,theye-axis.Asthis.angleof
rotationccvarie8,thesmgl.eofyaw~(definedastheangle
betweantheliftingline andtheplaneperpendiculartothefree-
streamdirection)andtheangle@/2 %etweenthexy-phneandthe
-xyo~planeVVy also,(fig.9. Thexy-plsneisstilltheplaneof
thex-axisandtheliftingline.)Thedependencetakestheform

cos~’=COS*O/1+ +anqo f3in2a

COB$0
“x

2

(15)

.

—
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whereVO istheangleof
variationoftheya%angle

yawa%zeroangleofattack.
imwt be takenintoaccountin

17

This
using

thechartsandta~leso~thisreport.

Thedesiredcorrectionto a isstilltheoneassociated
withthechan~einliftandthereforeiiependsagainonlyonthe
velocityw normaltothe~-plane.A changeintheanglea,
however,involvesa changeintheverticxlvelocitynormslto
thexyo-plane;Ihordertoobtaintheseamlift,thecorrection
tothesngleu mustbe c~chthattheadattionalvertical
velocityassociatedwithitmusthavetheccni~onentw normal

tothexy-plsne.ThisValocityiS
5

endthus .

2

AalztanAcf#a— ‘i!v COB *

(16)

Thecirculationabouteachsemispanoftheswept-backwing
resultsina forcenormal.tothexy-plene.Theliftforcemeasured
inthetunnel,however,l’stheverticalcomponentofthisforce
end,

The

The
Wi’cr

therefo~*6,theeqhtionconnectingthe-liftandcirculationis
.

anglecorrectionthenbeccmes

()~~kmrow ~ 44—.
u COSff 16YCro2 2, (17)

dragcorrectionaOO~notfnvolve@ directlyandismerely .
Cos$.

Plotsof *, #,end sece~ against$0 and a aregiven

infigures10,11,ma12C
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For swept-back tingeat an angleof attack a, thereli3en additionaldiffictllti.
For these_ the tunnelaxisandthe Ixm quarter-chordllnesof thewtrgdo not lie in
oneplane.The correctionto 15 on eaohhalfof the wingIe EAillobtainedfromthe
fnduoedvehoity normal to thepkueof
velooitynomel to the pleneof itsown
exaotl.ythe veloci~ w whichhas boa
thlsm.m helfwingnormal.tothe plane

thetuonelL@S&dthequarter-ohofiMne. The
quarter-chordlineMined by a helfwingfs
found(equationXl). TM velocityinduoedby
of the tunnelaxisand theotherquerter-choti

la

‘$=%%

< COB “[k”1-
1- W COB q Gos g

- & +.L?%n?ff
2U2COS31+ &os # - pY CosV]2 + Blny

“ J]

● ✎ ✎ ☛ v
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, *

The requiredveil.ccityoorracthniD then

It was comideredneitherfeml.blenordealrabletocompute@ ta~ulat-athef’mctiouvjl
foraraugaofvelueeof fl.For my particiilareasedesired w

equation(I-8),and W
v

w w be ‘=m”w ~
may be ccmmutedsimplybyusing%a%leZSId. equation(19).

G
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good
Forvaluesof
approximateion,

@ ofalxm.zt30°orless,

NAM TNNo.

W$f(z$ P) is, toa
thereforecanhe

obtainedreadily*UM fi&re-S”ortabl&IV. Thisapproximation
ismostaccurateforsmallvalues of o where wd’ is comparatively
lsxge,andisleastaccurateforlarge”valueeof“p whei)ew is
a verysmallpartofthetotalcorrection. fForthisreascm,he
approximationmaybeconsideredadequateovertheentiroT8JM3of
valuesof p*

Thepreced~.ngdiocuasionconcernsonlyoneofti,~Itff’icultiee
associatedwithcalculationsforhighsn$lesofattack.At
leasttwoothersourcesofcomparableinaccuracymaybepointed
out,elthoughnoefforthasbeenmadeheretoevaluatetheir
effects:(1)thepronounceddistortionofthetrailin~vortc.c
systemathighanglesofattack,and(2)thefactthe.tthecwter
ofa swept-backwingmaynotbeonthetunnelE&s athj.gh
anglesofattack,becausetheaxiscd?rotationoftnewtngis
usuallybehindthewingroots,

.

LangleyMemo~ialAeronautical.Laboratory.
National.AdvisoryCommitteeforAe:mnautfcs

Le.n@eyField,V@..,Octoberg,lg~
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FRO(XTOF VALIDITYOFMETHOD

Inthisappendixtheformale~ressionofeiuaizlon(85for
‘1).Thederivativesthetunnel-inducedpotentialwillbecalled02[

obtainedbytheformaldifferentiationofthise~ressiontillbe
(1) andwillbewrittenasordi~celledthederivativesof @2

derivatives.Thelmrnmnicfunctionwhichsatisfiesequation(2)
willbecalled@2.

(1)= Q* * v@2(~J.VQ2.1%isnecesssryinprovethat@2
Theprgofwillconsistoftheproofsofthefollowingistateqmnts:.

(1)Thefunction
Q2(2)for p ~ 1 em%

– dr -r
I o

.

.

.

.

<1.

ence
wed

Thenbytheuniquenesstheoremforhazwmnicfunctions(rofer-
9},ItfGllOWSmat @2(1,= Q2. ~nis*@oram* theothers
herein,whichereckrivedinreference9 forbourdadregions,

areimmediatelyextensibletotheinfinitere@n ofthepresent
problemforfunctione%%ichapproachzeroas ~ ap~roachesinf3nity.

In ordertoprovethefirststatement, it iss~ri’icienttoshow
thattheinfiniteintegralsandtheinfiniteseriesappearingin ~2(~)
convergeuniformlywithrespectto .2&p,O (Harna&sfirst
theoremonconvergence,rgference~).

Theconvergenceoftheinfiniteintegralsdopcnisuponthe
characteristicsofthefunctions~(~). Thecharacteristics
usedinthefollotigdiscus~ion,whichareeasilyvarified%y
expansionof F(&8)ina Foprierseri.e~are:

(a)Thefunctionsgm(~)areboundedemlcontinuousforsll
valuesof ~ endapproachzeroas ]~ apprcackesinfinity

~b}Thederivatives@m(~)/d~existand.~~eabsolut~lyintegrabl~fromminusinfinityto,plusinfinity.
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Anintegrationbypartsgives
.

Itfollowsfrompropertis~(a)
for q>O. I’rompropmty(c)

of theintegral.convergesfor
boundedforallvaluesof q,

Jm(fpq)

iqJm’(iq)

hasno singularitiesand

withrespectto q need
of’q..Sincefor p~ 1

,mJq
.02

_Jw(ipq) isq = O. Since
thefunctioniqJml(iq)

—

.
theconvergenceofthointegral

F-: ,?

lJ “::.l
-m %@~ cosq(P-s) w dq

#

onlybeconsideredintheinfinitere@on
(reference4),

IIJ*(i~~)
— <1iJm’(iq)=

Itissufficienttoprovethat

.
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conver~esinordefitoProvethattheotifginalintegral
mifor’il.yillg, p,e -in theregionp $1. Fromthe
bypartsandproperties(a)and(b)itfollowsthat

23

converges
integration

1IIw co
whichconverges.Therefore

I
%(P) cosq(~-~)@ $ converge=.

K -al

Inordertocompletetheproofofthefirststatement, the
InfiniteseriesofinfiniteIntegralsmustalsobeshowntoconv&~e
,Unifoml.yin 5,p,‘9for p~l.

If

cenbe ~hownto,belessinabsolutevaluethanK/m2 whereK
fsen~bitraryconstant,theproofwillbecomplete,forthen

for M sufficientlylerge.Thefunctions~(~) aret$eFourier “

coefficientsof’a function-~m~ F(~,~) whichhascontinuous

firstandsecondderivatives.
[

Therefore~eferenee10,p.84),
thereexistsa sequenceoffvnctions$~~), miforzuilybounded
in n, suchthat

m2&(g)= ~(~)



The intemw.ls

axe thereforeunifomly boded in m. Thus

and theproofof thefirststatementfs cumplete.

‘he proofoftheBeconiietitementproceedsasfollows:
-r

ob”~ by dlfferentlathgUnder‘ti in’%gralaim :s s~h thatthe :ntegral
uniformlyfor p~ 1, anilthe differentiationis thereforeValld. Sinoethe
f3etiesalsoocmergm uniformly,it ?ol.lowethat

b
t% ln@gY3ila z=

Q!
cOnve.&s
infinite

g
.

&
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Fromtheremarkfollow@theorem7,referenceU, itfollowsthRt

andsincetheI’ourtere~ansionofa
andhascontinuousfirstderivatives
function, .

.
functionwhichiscontinuous
convergestathegencmating

aa2I757’
z=q-j

Thesecondstatementhaethusbeenprovedsndthevalidityofthe
operationsperformedinthoanalysishasbeenestablished.

—-
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TA3LEI.-VAIUESOR’THEFUHCTIONSZm(q)and~(q) FQR

VARIOUSVKGUF3OF U,~,q

[$&% u,+)- Zm(%u,-*);~(q,u,@ = -~(q,u,-+)]

a=0.45,~=-450 a-0.45,y=-3oo

Q/x21(Q)q(q)2*(q)~(q)z3(q)~(cl)z~(q)kl(q)z*(q)k2(q)23(Q)k$q)

b
o 1.5708----------------------------------------------------------------------
.05L.16630.05090.15640.0238-0.0283-0.00931.27160.044.60:~yk0.0219-fmg -0.0107.10.9013.0523.168
.15.6006.0522.l19&:% :::g ::2;?‘:%% ::% .uyM :%% -.0350::%

.0518.0784.0234-.Oleo-.Clo74.4473.0468.1038.01E?9-.03Q2-.0104
:: :% .0516.0740.0226-.0191-.*76.3843,.0461.I.018.0170-.0302-.0107
.30.3343.0509.0843.021.7-.0228-.0074.3990.0444.U65.0152-.0356--0097
.35.Wti.@92.0816.0=0-.0=9-.OQn.3654.0424.0408“3$ “::::::%:::g.40.2233.0470X%2 .0207-.ol&-mom..2931 . .
.L5.1977 -.0166-.0Q75.24%.0401.Om .0151-.0285-.0092.50.l&2%: .05%!:% -.0166-.0074.2265.036.0842.0163-.0283-.00$0

Z :s; :% :;8 :%? ::?2:%$ ::% ::% ::;$%$ %% :%%
.65:?;;.0358.0314.0170-.0107-.0064.1234.0315.0496.Oxm-.0189-.0081.70 .0333.0291.0159-.0096-.oc%l.lnl.0297.0463.0204-.Ola-.0079
.75..0774.03J.l.0=7.0146-.00Q-.0057.0993.Om .0414alg ::01::-.0074.@ .0621.0289.0203.0139-.0072-.0053.*1 .0257.0340 -.*
.85.0505.0264.0173.0132-.~39-.0050.0654.0240.0294.0164-.0125-.0067
.90.0488.0245.0174.o125-.00s7-.0049.0632.0’230.0292.ol~“.0=9-.0065
.95.0466.0225.0164.o112-.00s6-.0045.0593.0214.@’73.o~4-.o~3---1.00.0377.020$.0134.oio2-.0047-.0041.0493.0197.0228.W1 -.0099-.0054
1.= .0294.0192.0322.00g6-.0038-;0039.0391.o181.0192.0075-.00%-.0051
1.10.0270.0175.0108.0089-.cQ34-.0036.036S.0168.Ola.0068-.0078-.0049
1.15.0242.0162.(X)W.co75-.0030-.0033.0330.o15pmlol.0070::= -●00451.20.ol~.0154.0072.0066-.0027-.0029.0249.ol~2 .0078 -.0040
1.- .o115.0142.CQ52.0060-.Oozl.-.w26.0174.0=8.* .W -.0049-.0035
1.30.0108.0130.co48.0055-.00=-.0024.0164.o117.co96.0105-.0047-.0032
1.35.0U3.oI.18.(X347.0048-.0021.-.0022.0167.Olw .0090.OI.M-.~44 -.0031
1.40 .0085.0108.0036.0042-.0Q17-KKx20.0134.0101.0074.01Q4-.0036-J-x@
1.45 alol Xx& g;: JM$ -.0014-.0018.O11o.0090.m53 .0=4 -.0033-“0026
1.50 . -.0014-.0017.on6 .Oc@ awl .0U7 -.0031-.Om

‘.
1.55 .WS35 -.0013-.0015.0139.0074.0077.0103-.0031-J3@3
1.60

.Wn :&7g :C#J :%
-.0013-.C015.o~ .- .~5 “Of@J-“oo~ ::=;

1.65 .0046.0058.0023.C027-.Oal -.0014.0087.0057.0053.@55 -“0023
1.70 .0040.0048mom ac%~ -.CmJ.-.0014.~

G
.0048.00% .0348-.0023-●00=

1.75 .cm45.0040.Oozl -.001.1-.0013.00 .ookl .oo~ .0037-.C@l -.00=
1.80 .0029.0032.0015.m23 -.@39 -.~= .- am; “:: “0033-“0018 ::::
1.85 .ocm5.cQ24.0008.0022-.Cm6 -.0012.0039
1$0 .0002.0017.0CQ8.0022-.0cx36-.0033..0033.002 $%x ::%R -.00.9
1.95.0012.Oo11.Oo11.00= -.c006-.0010.0045.0012%! ..0063-.0014-.0019
2.00 0 .0(X)4.Oo11.0021.-.0003-.0009.mw .0013.0030.oo@ -“00= -“m17

I?ATIoi’wLA-uvmmY
CwMImEEFORAmomUTIca
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lMBIX1.-VALW OFTEEIUNC~ONSZm(q)AND~(q)-Continued

a m 0.90>+= -450

o- 0 10.15840 0.1722
.031.52bg.1%1 .22&5.l~-f
.101.283 .1894.2672.1694
.15 .87% .w@ .2017.1674
=Q .5770.~ 5 ;;% J~;5
.25 .5059.20&
.30 .532 .1999.1813.1608
,35 .4& .1988.1773.1559
.40 ,403 .1837.1414.1510
.45 .3394.lRZL.1243.1471
.% .3125.1760.1192.1410

.55 .2688.1654

.60 .2033W+&

.65 .1566

.70 .1388.l~

.75 .1166.1-1

.eo .0262.I163

.85 .0652.1090

.* .C622.1025

.95 .Cy50.0954
1.00 ,0383.0W6

.1o37.1336

.07&2.1264

.0600.U.93

.0524.rL1.5

.0429.1032

.0293

.0202:%

.0173.0796

.0130.0723

.0051.0654

1.05 .0230.063A-moo6 .0589
1.10 .01?1,0732-.0324.0526
1.15 .0141,0633-.0Q52.0471
1.20-.0015.0529-.010$.0419
1.25-.0139,0414-.014Q.0368
1.30-.0161.0287-.0140.0320
1.35-.0198.0157-.0135.0275
1.40-.0210.0033-.0153
1.45-

.0236
.024@-.0073-.0160.0201

1.% -.0206-.0159-.0141.OI.67

1.55-.0152
1J% -.0161
1.65-.O1’y
1.70-.Oln
1.75-.0136
l.eo-.0136
1.% -.0153
1.90-.012$
1.95-.007;
2AM -.IXI’37

-.021.7-.OKU
-.0239-.cu26
-.0223-.0134
:Am$ -.OLM

-.0SL5
-.0066-.0119
-.0001-.Ora
,0057-.0109
,0097-.M91
.on6-.0079

1

.0137

.O111

.0091

.0074

.0063

.0048

.0039
ao~l
.0023
an5

o -0.1139
-.0205-.1134
-.0384-.u,28
-.@20 -Jug
-.0561-Jlo6
-.OSE -.1088
-.o~ -.1067
-.0502-.1041
-.Oylo-.1009
-.0454-.o@2
-.03e5-.0944

-.0331-.0906
-.0279-.0EK5
-.0223-.of?e3
-.0159-.0778
-.0107-.0733
-.0070-.0687
-.0034-.0641
.oC07-.0595
.0039
.m%l

-.0550
-.0505

.0084-.0462

.0109-.04XI

.OI.22-.0379

.0135-.0340

.0145-.03Q2

.o15$i-.0267

.0163-.0234

.o161-.0203

.0159-.0174

.0161-.0148

.0161-.0124

.0153-.0102

.0142-.0c@2

.0137-.0064

.0131-.0047

.012.3-.0032

.o112-..0019

.0105-.0307

.Olca .oC04

.0G94 .0013

—.—

q(d

)
L.595f
1.3e01
.s%
.637:
;gg

.56&

.464:

.3954

.367(

.321c

.24@

.l*

.1764

.154C

.1232

.low

.094E

.0854

.(%76

.0535

.0495

.042.I

.0266

.0145

.0126

.0113

.CQ41

.Cim7

.0031

.Oq’o

.00.29
..0025
..0028
..cm4
,.0040
JX83
~.0080
..cn45
.0335

a = 0.90,l)’=-300

Tkl(dz2(q).

>.1390
.1573.2487
.1622.2995
.1707.2365
.1791.1845
.1793.1982
.1~8 .230C
.162u.2253
.1561.1963
.1542.W02
.1499.1763

.1424.1605

.1340.1334

.I.266.I.I.32

.l.1~.1o35

.1124.0917
mlo~ .0J53

.Oe%l:05Z

.o&5 .0522

.oeo2.041!5

.0749.0332

.06P0.-l

.0618.0238
,0566.0163
.0521..0100
.0473.Ci373
.0423.c@2
.03&!.Oo11
.0346-.0001
.0317-.0013

[

.02$MI-.Ooli!

.0266-an?

.0247-.CU6

.o~ -.OC&

.02Q7-.tK%2

.0191-.COn

.o~78-.0092

.0160-.0092

.0144:SMg

.0132
..— ——

f2(d
—.

).1597
.157P
.159E

:3
.1594
.1567
.1543
.1516
.1493
.1449

.139fj

.1341

.12$0

.I.23

.u.6i

.lc$i$l

.1036

.0976

.0914

.o&l

.0792
,0734
J36eo
K@’
.0577
,0528
.04el
.0438
.0391
.0762

.032e

.0296

.C267

.0?1,2

.0221.

.0201

.Olmj

.0170

.0150

.0:36

Zx(d

o
-.027z
-.045i
-.0664
-.0741
-.0682
-.Cn%
-W59
-.0776
-.q46
-.C@

-.0643
-.057

i-.053
-.047t?
-.Ohm
-.0375
..O:q
-,0269
-.0221
-.Olf!o

-.olh3
-.01.10
-.0074
-.C054
-.0031
-.0008
.ool~
.0027
.0042
.0053

.ooal

.0o%

%J

.0@3

.Cd?o

.0073

.0073

.0073

-0.1214-.1239
-.1232
-.I.z@
-.1226
-.1215
-.120
-XL82
-.xL63
-.1143
-.1117

-.1026
-.lcyj
-.101i
-@7
-.0938
-.0897
-.034
-.Oal
-.0768
-.0724

-.0682
-.0639
-.0597
-.0557
-.0517
:LICICI

-.040/!
:a:;

..o:~~
-.02%7
-.02s1
-.0236
-.0212
-.019
-.0169
-.0150
--013;
-.033.6

.

.

.

.

.-

.
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TABLEI.-VALUESOF~ ~ 2m(q)ARDljJq)-continued

29

.

.

I u = 0.45,q- -150

0
.05
.lC
.15
.2C
.25
.30
.35

:E
.56
.55
:2
.70
&
.5
:85
.90
.951.00

1.05
1.10
1.15
1.m1.251.30
L.35
1.40
1.45
1.yl

1.5708------
1.32320.02k2
1.0722.02M
.7268.028:
.4790.031>
.4161.0313
.4350.02%
.4003.025t
.3228.02k3
.=Y2 .0233
.2523.0206

.2233.0181

.1751.0167

:% :::$
.I.126.0139
.0918.0133
.0758.0133
.0734.0134
.0704.o127
.0588.oI.2s)

.0483.0116

.0453.O111

.0419.0101

.0330.0091

.0246.0084

.02jO .0076

.0233..0c%6

.01% .(x)56

.0146.0049

.o171.CKM

1.55 .0193
1.60 .Olp
1.65 .0133
1.70 .012C
1.75 .OI.24
1.80 .Omy
1.85 .006f
1.90 .0065
1.9s .CQm
2.Oa .oo~

.0041

.0038

.0035.0036

.0032

.oo~

.0020

.0017

.oa.l.
ao03

L2(d

------
).1894
.2176
.1662
.rlgl
.u?06
.1371
.1345
.lleo
.loek
.1048

.0939.0774

.c&8

.0623

.@64

.ok78

.0426

.0413

.0387

.0333

.0290

.0272

.0244

.O1*

.0159

.0142

.0135

.0108

.0090

.0091

.0094

.0076

.0058

.0052

.0048

.0037

.0024

.0019

.0023

.0019
.—

%Jd

.------
).013C
.Oll(
.Ouf
.0145
.014.E
.014C
.0133
.o135
.017
.0133

.03.22

.’o117

.Ollg

.Ou.e

.oI.18

.0108

.Olo?

.0102

.0096

.oa91

.0088

.oo8k

.Oon

.0072
Jx&

.0062

.03!57

.0054

.C046

.00!+1

.0036

.0032

.0028

.0024

.0020

.0016

.0013

.colo

13(d

-------
.0.0397
-.048Z
-.040$
-.0344
-.03%
-.0449
-.0445
-.0404
-.03@
-.0384
-.0361
-.0312
-.02eo
-.0268
-.0248
-.0219
-.0198
-.0188
-.0178
-.0159
-.0141
-.0130
-.0119
-.0103
-.cdq
-.ocill
-.oo~
-.(X166
-.cx)56
-.0052
-.0049
-.0041
-.0034
-.ca29
-.0027
-.0022
-.0016
-.0015
-.0014
-.cx)12

k3(d

-------
.0.0@4
-.Oon
- .006E
-.Om
-.0085
-.0074
-.0063
-.0063
-.006E
-.0064

-.0Q55
-.0051
-.CN353
-.005
-.004‘?
-.0045
-.0042
-.CX345
:mg

-.0039
-.w38
-.0037
-.0035
-.C032
-.00’30
-.0028
-.0026
-.0023
-.0021

-.0019
-.0017
-.00I.6
-.0014
-.0014
-.0014
-.0014
-.0013
-.0014
-.0013
.-

Ll(d

L.5708
L.3563
L.10%
.7479

:%
.4515
.4149
.3327
.2816
.2665

:3:
.1441
.1322
XL*
.0974
.o~
.Om
.0738
.o&32

.04&

.0470

.0441

.0326

.0214

.0206

.0241

.0222

.0M2

.0197

.0232

.0213

.0165

.0U16

.0155

.0133

.C@9

.0076

.@w

.m%

a= o.45,-#.00

:1(d

o
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
v
o
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

LJd

------
).19’56
.2261
.r728
.la
2256
.1438
.1424
.1424
.1157
.3.I.23

.1017

.0851

:$;

.w24

.0460

.0439

.01W38

.0353

.0307

.0289

.0262

.02iL8

.0L83

.0173

.0163

.0134

.0U7

.o116

.o114

:Wz
.0054
.0Q48
,0033
.0018
.CQ15
.0022
.COq

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
G
0
0
0
0
0
u
0
0
0
0
0
0
0
0
0

-------
-0.0402
-.0526
-.0432
-.036.5
-.042~
-.0%31
-.0490
-.0438
-.0429.
-.0447
-.0402
-.0345
-.Oy.l
-.0305
-.0291
-.0260
-.0233
-.0224
-.0214
-.0191
-.0166
-.0152
-.Olkl
-.0122
-.0102
-.c@2
-.005
-.0074
-.c064
-.ca59
-.0055
-.0346
-.0037
-.M30
-.0028
-.c@l
-.0014
-.0012
-.00I.2
-.0010

Q$d

o
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
.0
0
0

0
0
0
0
0
0
0
0
0
0

m

.
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q/ti

—.—
0
.05
.10
.1s
.20
.25
.30
.35
.40
.45
.50

.55

.60

.65

.~o

.75

.&)

.@

~:;

1.05
1.10
1.15
1.20
1.25
1.30
1.35
1.40
1.45,
1.50,

1.q~
1.60
1.65
1.70
1.75
1.%
1.+
l.$m
1.95
2.00

NACA TN No. 1265

a -0.90,*. -15°

~l(u)

)
L.638
L.43~
L.0071
.6854
.6@
.6614

:%8
A@
.4197

.3716

.2975

.2h51

.2202

.1984

.1632

.140E

.1353

.ls?c

.1069

.08ja

.0836

.0760

.0592

.044P

.0413

.0407

.0?7?

.0269

.0295

.0332

.0250

.0224

.0204

.0207

.0156

.O1OL

.0090

.0398

.oogl&

.-—.

kl(d

0.0683
.0878
.ot?63
.0927
.1042
.1069
.1o22
.0876
.0%2
.0%6
.0863
.0832
.0787
.0746
.0707
.0664
.0623
.0587
.0552
.0517
.048Z
.0455
.0422
.0?87i
.0382:.0;25
.0297
.0270
.0248
,0229
.0213

LJd

)
.2574
.3161
.257:
.2091
.2272
.2%36
.2622
.2355
.Wlc
.21.L?C

.2034

.1772

.1576

.1484

.1367

.3.206

.1092

.1045

.c97e

.0870

.0781

.07>6

.0673

.0’=)88
,cJ~12
.0478
.oli47
.0397
.0358
.0349

L.0196.0339ml: .0304
.0268

.o172.02~9

.o163.0232

.0155.0201

.0131.0158

.014)+.0152

.0134.0146

.0128.o131
...-

qd

0.0EK7
.o&3~
.0915
.0935
.0905
.0902
.of?g7
.0932
.OMIJ
.0877
.0863

.0?2+5
y&

.0783

.0758

.0728

.0696
0669
.0641
.0611

.0579

.0551

.0%2-2

.0494

.0466

.0439

.0413~

.03F7

.Oym

.0337

.0315

.0257

.0270

.0248

.0229

.0212

z+d

o
-.0317
-.l)l&
-.0799
-.091.2
-.0857
-.Ogeo
-.I.olo
-.1076
-.1066
-.1023

-.0990
-.0953
“.0906
-.C&6
-.0792
-.0753
-.0708
-.0657
-.06u.
-.0772

-.0531
-.OW
-.0446
-.0415
.0381
.0++5
.0317
.0295
.0274
.0249

.0225

.0209

.0196

.Oleo

.0161

.0146

.-!.0193-.0133

.0176-.033.9

.0151-.0101

.014’6-.0087

k3(d

0.0691
-.07’51
-.0736
-.072f
-.072:
-.0723
-.0717
-.0711
-.0701
-.0694
-,0683
-.0672
-.065E
-.(%45
-.0629
-.0614
-.059e
-.0581
-.0%5
-.0548
-.0531
-.0513
-.0494
-.0476
-.ok57
-.043’7
-.0418
-.0398
..0378
..0358
..0338

.00318

..0299

..0281

..0262

.,02114

..0226
-.021.0
..0193
-.017’7
..0162

(7Wo.w, +.00

21(’J

o
1.6663
1.4620
I.ola
A$
.6t?02
.64=
.5300
.4563
.4300
,3839
.3106
.e@.2y?9
.21.32
.17”71
.1523
.1492
.1421
.1!2U
.1OU2
%??gI
::33‘
.0542
.0538
.0466
.0408
.0439

1

.0481

.0441

.0373

.03j4

.0356

.0308

.0262

.0217

.0228

.021..2

—

q(d

o
0
0
0
0
0
0
0
0
0
0

0
0

:
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
.

ZS(d

o
.2672
.326
.26%
.220h
.2434
.2&7
.2746
.2593
.H3.2479
.23=
.$m59
.M56
,1781
.1662
.1488
.1362
.1307
.1229
.Slol
.0993

%
. 31
.02
.0749
.0651
.05g6
.0546
.0476
.0415
.0387
.0350
.0311
.0263
.0235
.0214
.ol&
.0151
.0139
.0139
.o125

%(d

o
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

.—

0
-.0460
-.0-a$6-.0 2
-.0946
-.1038
-.3.M6-.12Q2-.1211-*1209-.3.Q5
-.3367
-.u28
-.IL08
-.1037
-.0991
-.0950
-.0907
-.0866
-.0826
-.07E!A

-.0741
-.0699
-.0653
-0613
-.0567
-.0526
-.0488
-.0450
-.041j
-.0384

-.0335
-.0327
-.0302
-.0277
-.0258
-.02~7
-.0219
-.0202
-.0188
-.0173
_—

.

TABLEI.-VALUESOFTHEFUNCTIONSZm(q)ANTI~(q)-Coz&ded

o
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
@
o
0
0
0

.
1

I

q(d



. I

Jm(m)
-n.-v-r#m — —

-.’ (4)

J*(ml

wp’(4)

J31im)

W3’(4)

JI(IsI)

-1’(4)

o.Q 0.3 0.7 I 0.9 O.e
— —

0

—

0
0

:
0
0

;
0
0
0

0
0
0
0
0
0
0

:
0

0
a
0

:
0

:
0
0

:

:

:
0

:
0

—
0.9

—
0.m

g!

#

%
.@

A33

,a

;~

~;

,17!?
JsJ

,11!

A
J

:13
d

:3

.m

,JJ.e
.@
.lDi
.lOI
.OJ

%

—
0 0.2

0.D13
.013
.m3
.0L3

Jn3

,032

AU
.033

.OK1

.coO

%J

:%
.W6
Ox

.4m

,Cd
.mb
rot
.W

2

2

,,W@

:E
,ml
Ml

$%

.cm

—
0
0

:
0
0

:
0

:

.0
0

:
0
0
0
0
0
0

0

:

:
0

;

:

0
0
0

:
0
0
0
0
0.

0.
m

5
.m

i
.W
,%

z
.6

:
al
.W

1:E
lM
1m
Iw
1,’20
1.=
1.3

::E
1.&>
1.?3

1..5
J&

1.iu
1.n
1J%
1.*
1.9
145
2.Ca
.—.—

1.CUI
.92.

E!
j!m
.139
-%5
.433

:%

.2M

)0s9

.019

%
.019
,Oln

.%
ml

—

,@

.039
.— —— 1

G2
P

,,
I
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.

.

[
Fm(u, y, g, P)= -FM(UJ-*,-4,P]]

-,. ,- ---- —.. .-— .

I CT- O.45
— ...-

.:. ‘“~i:fl-=-, ““-;, F’”l ‘3

,

‘1 r:”l‘3““?,r=i ‘3
p-o

III

o 0 o:@& o
0 0 0
0 0 .3483 0
0 .2107
0 : .0582 :
0 0 - .09& o
0 0 - .!2457 o
0 0 -.3745 0
0 0 -.5197 0

—

o:{~5#
=973
.1547

-.1:47
- =973. .)!187
- .mll

o.55k7
.4222
.,002
------
.1564
------
0

------
-.1564------
-.yM2
-.4222
-.5547

—.—

--: :Z-.b
-.2
0
::-
.6
.9

-----

---

10.6738
.55 1
.44L
.sub
.1556
-.0107
-.lmb
-.3253
-.507’2

0.767~
.6266
.4011
.2653
.I.116
-.0493
-.2050
-.3bbg
- .5c183 Io 0

0 0
0 0
0 0
0 0
0 0
0 0
0 0
0 0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0

:
0
0
0
0

p= 0.2

0.0029
S&
------

0
. -----

0
------

0-. -.. .
- .Ca.l.

o
- SK@J0.6341 0.ob410.0023

.5155 .0398 .C&f
------ .------ ------

.339 .0303 0
.- ..-. . . . . . . ------

.1917 .0185 0

.lI.27 .0E6 o

.0316 .0062 0
------ ------ ------
-,1306 -.0077 0
------- .. ---- ------
- ,,b82-.02,4-.0028
-,5166 -.0354 -.0023
,...-— —— 103&LJ o;::;; o.-

0
.35o8 .0336 0

.---.- ---.--- . . . . . .
.2128 .0221 0

---7-- ------ .. ----
.05%7 .C@l o

------ ------ ------
- .O$@ -.0064 0
------ ------ ------
- ,24x -.0207 0
- .37eo
-.5268 ::%; -J&

70.0442
.0333
.02@

. -----
.0149

------
0

------
-.0149,
------
- .02&3
-.0353
-.04J+2

.—
0.6763

.?537

.%713
. . . . . .

.3149
-. ...,.

.157’3.
------
-.0113
------
-.1779
-,3199
- .=lllo

-0.9
-, 6
-. 4
-.
-. i
-. 1
0
.1

:;
.&
.6
0., !-

0.ob180.0019
.0396 .0031
.03.46 0

------ ------
.0267 0

------ ------
.0167 0

------ .--..-
JW3 o

-..--.- ------
- .0%9 o
-,0170 -.0031
- .02&-.0019

p90.5

..----
------
0.1077------
------
.0759
------
.0416
.0221
ala
------
-.0377
------
------
-.Ow
-----
--.---

------
------
1),l@l17
.-----
-.----

.W1
.k----

.1442
0617

-.0223
------
- .1%9
. . . . . .
------
-.3959------
--.---

. . -.
-0.90.6930
-. .6257
-.2 ------
-.5 .%-yl
k-. ------
3-..------
2-. ------

-.1 ------
0 .ML4
.1 ------
.2 -------

:: =:::
.5 -.26X3
.6 ------
.7 -.J+145
,9 -.5302

,.— —
O.low

.1021
------

.0931
------
-..---
------
------

.0W4
------
------
------
------
-.0317
.- . . . .
- .(3=)88
- .07M

. ..—
0.0167

.017C
------

.0157
.-----
------
------
------

.00/32
--.-.-
.-.---
------
------
- .Ooy!
------
- .Cal
- .0U91

..—

.—
o.6b67
. . . . . .
.53by
--.---
.bz?l
------

,2787
------
.U.b

------
-.0570
------
-.21$
------
-.3654
------
-.5312

-.-—
0.02X3
------

.023.3
------

.ol~
------

.0144
.-----

.@w------
awl

------
-.0049
------
-..Olco
.-: ---
-.0131

0 .I.l.11
------

.1047
------
.0108

.-- . . .
.0667

------
.o~l

------
- .ca5
------
-.0375
------
-.0667
------
- .09M

. . ..-. -. .-. .
------ .-- . . .
--.--- ------
0.Ofw 0.0193
.-...- . . ----
. ----- ------

.obQ7 .0091
-. . ..- ------

0 0
.. ---- ------
-.0407 - .Oogl
.----- ------
. . . . . . ------
- .08-%?-.0193
-. . ..- ------
.. ---- ------
------ ------

. . . . . . ------

.. ---- . . . . . .
0.0221......
--.---o.3&8
. . ..-. .. ----

.0168 ------
.- ..-. .1653

.0092 ------

.CW55 0

.0316------...... -.1653
-.0076-. .-. .
. . . . . . ------
------ -.3&8
-,0143 ------
------ ------
------ -----

.
NATIORALAMZ90RY

COM13’TEEFURAF.XONAU’ICS



NACA TN NO. 1265 33
.

TP3T.EHI. - VALUES OFTEEFIEWTIOHSFm - Continued

.

.? .0.90

y .450
5

+ = 300 ly -150 ~.oo

% F2 F3 F1 F2 F3 F1 F2 l?~ % F2
‘3

p=o

-0.2 0.6).28 o 0.5271 0
.* : :

0 0.4659
-.

k
.4725 0 0

-. .5019 0
.4142 0

.W : : ::%
-. 2 0 .3a4 .2z28
o .3c08 o 0 .2117 0 0
.2. , ml? o 0

.1078
.0W4 o - .0s6

.02-(0 o
::

-.0403 : -.1340
- .U33 : 0 - J&al : 0 -.2397

.9 - .~o o 0 -.3110 0 0 - .35%

0.40760
0
0
0
0
0
0
0
0

0
0
0
0
0
0

:
0

0
0
0
0
0
0
0
0
0

:
0
0
0
0
0
0
0

.31s7

.67

.1162
0

- .u62
-.2267
-.3157
- .&76

p-o.2

O.ImL6
.@@
.0340

------
.0G20

--—-
0

------
-.0020
------
- .CQ40
: J&J

oSlclz

.0319
---—

.0176
------

0
-----
-.0176
--..—
-.0319
-.041.2
-.0451

...—
-0.9

: t
7-..

- .2
-. 1
0
.1
.2
.7

:;
,9

.. . .

-o .U
-.7
- .6
- .=,
-. k
-7
-.?
-. 1
0
.1
..?
. .:
.!,
.5
.6
.:
9...

if
0.417

.31

.-l
------

.1178
-----

0
------
- .uL78
------
-.2291
-.7188
-.4136

0 .61%
.5676
.5047

---—-
.4169

------
.W33

------
.1705

---—-
.0270

- .I.r50
-, 3044
.—

.. .
c).627~

Am
------

.777:
------
---.--
------
------

.-s-..---
.-----
-.----
.- —--
- .C))q
-“----
- .lq:->
-. ~.l;cj

0.0594
.C1577
.07’I-7

------
.0-(02

-----
.0636

-----
.0514

------
.09+9

-.0159
-.0079

0.0068
.0105
.O@%

-----.
-w------
.@w------
.-

---A-

.CQ64

.m7J-

.0024

0.0567
.0652

---—
S&l

------
.0622
.@-v?
.olL32

------
02fK

----.-
.ocn8

-.0’200

0 .007k
.OIJ.2

------
.0092

------
.Oc@l
.C!091
.0389

-----
.0C67

-—---
.0060
.0010

0.4710
.=J@
.326.8

0.0507
.0542
.E1--l

------
.0428

------
.0289

------
.0SL3

------
- .0%1
- .Ozu
-.0328

0.Co64
.0087
-m------
.0062

------
.0051
------
.c031

-.----
.wa
.0007

-.0030
——

------
------
0 .ok31
------
------

.04?!
------

.0420

.055

.02&
-.----

.O1oo
-.--.-
-----
-.0125
------
------

0.5325
.4756
------
.3708
------
.2708
.2139
.1520
------
.023L
------
-.l’a4
-.3177

.

.

----—
.=W------.108.?------

-.0154
---—
-.1395
-.2426
-.3649

.

——
0.s409
-.-—
.b91c
.--—_
J@&

pao.5
.—.
0 .1M2
.1662
------
.1793
----—
-.-—
------
-.----

---—
---—-
-----
------

.c646
--.---

.Cm50
-.02’7>

——
0.0314

.0402
------

.o’jj~l
------
------
-..-—
------

.0632
----—
---—
------
------

.037L
--.---

.oi54

.Ofm

0.1416
-.-—

J.&6
--..--

.1727
------

.165k
------

.1}Q4
. ----

.09,?
----.-

.Owo
--~
- .0m2
------
-.0583

... .

----.-
...---
------
0.097
----.-
-----

.OI.69
------

0
----—
-.0169
------
------
-.0317
-—
.----
------

------
.. —-
0 .Jb152
--..--
.- —-

.2914
------

.1755

.1147

.0467
---—
- .0G34
------
------
-.2576
---—
---—-

0.0334
—---

.0491
---—

.o&33
.— --

.0653
------

.0526
--—

.Wsk
--—-

.G328
---—

.o:~o
------
- .CK)74
.—

------
------
0.1395
-------
------

.127’1
------

.0971

.0?67

.0534
---—-

.0036
--.---
------
- .05EK
----—
-— --

------ ------
------ ------
------ ------
0.29190.0994
--.s-- ------

!------ -—

.I.283I .0478,7.;p

---—-

.m~lq

--—-

.0919
------
- .04C6
------
-.1767
.--—

-.-. -.,1:

I------.-——
0[0

I-.---- --—

- .u283] -.0478
I------ ------
I.---—.-----

-.2919 I -.0994
---—- -.-—-
--.--- .— --
--.—- ------

.

.
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TABLXIII.-vAIJJESOF TEEFUNOTIONSFm - Continued

.

—— —
r .-. —.. --------

a-0.45

ly.450 q. 30” *. 150 q-o”
z I

-1 r
F1 ‘2 ‘3 ‘1 ‘2 ‘3 ‘1 ‘2 ‘3 ‘1 ‘2 ‘3

-. —. . .
pmo.7

—
,,--—r--— .. —- . .

0.66590.1976
-------..-..
.5576.1519
------------
.4447.135C
-------------
.2977.1OOC
--------.---
.1z152.0531
------------
-.0585-.0033---..-------
-,2343-.05E’O
------------
-.3%72-.1016----,.-------
-.554-0-.1350

——

-0.90.7115
-o7 .647’7
6-. ------

-.; .5537
-. ------
3-. ------
2-. ------

-. 1 ------
0 .1741
.1------
.2 ------

:: ::::::

:2 :::~f
.7 -.4371
.9-.y577

....-.—

0.14930.0314
.1496.03M

0.0305-------
-------..----,
.04340.5061.
------------
.0405------
------.3179
.0318------
..----
.o19@-%;
------
.0046------
-....--.1997
-.Oloe------
---...-------
-.021.8-.4159I

------ -. . ..-
..0308 ..----

-..—,

p 9 0.9

-.----
------
------
0.041.1------

------ l------l------l------I i I------------------------

------
------ I ------
.1417.033:
------------ ------ I I I-------------------

------l------l------.1143.0377
------------
.0637.0214
.0334.0127
.oo~o,~35
------------
-,0577-.015.4

I------------
.1769].06181.om4I------ ------

------ I-------1------------ ------
0 0 I o------ ------ ------.06631.018$

.
------ I------ -.17691-.061F~-.oz04------ ------
------ ------ I ‘ ‘------------- ------

I------- ----. ------- ----- -. .-. . ------ ------
- .OU1
------
------
..----

-.0487[-.0075 -.1322I------------ “

--.---
...----
.-----

------- ----- -. . ..-
----.-
------

-.0855-.0151
-.1097-.0207

. . ----- 1------------------
—.— ,—,. .... ....7I “—-%----- ~

------
------
0.4767
------
.1951
0

-.lwl
------
-.I+7671
------

I------,

-------
------
0.0756
------
.0387
.0

-.03=7
------
-.0756
---.--
.-----

. . . . . .
------
0.1853
------
,0898
0

-.o@8
------
-,1*,?
------
--.---

.-—..

.0.7
-. 6
-.5
-.4
-.2
0
.-
.;
.5
.6
.7

------ ------ 0.58590.22250,0835
0.!x)4~0.0739------------------
---------.--------------------
.1”6?.0734.4224.1?% .07%
.1440.0600.2613.1295.0571
.07’70.0364 .0732 .0485 .0242

-.0f%9 .0062-.1270-.ok21-.0138
-.0852-.0216-.3064-.1210-.0444---.--------------------------
-.1463-.0416--------------.---
-------------.@!2-.1939-.0679

---.-- ------ ------
9.5273 0.1?1:0.0549
------------------
.1889 .0930.0339
.-----------------
-.2206-.0431-.0269

,-------
.4778
.3231
.1363

-.0649
- .2j~l

------ ------ ------
------ ------- ------
------ .. ---- ------

------
-.4201
-.----

1 4 . ..1.. . . .–
.
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NACA TN No. 1265

TABLE~.- VALUESOFM FUNTIONSFm- CcaelutLed

35

u . O.go
.

* = 45” V= 30” * -15” **O”
z

F1 F2 F3 Fl F2 F3 F1 F2 F3 F1 F2 F3

p-0.7

f;;o.~6Moalalo0.06350.35470.20170.0652------------------------------------------------------.-----------------------------------
-.6 “-..----------:::!:,= .2367.09620A3390.22420.0870------------------
-“: .5784.2561.Oggo--..----------..--------------------0.31120.15100.06&-.------------------.446.2507.=92------------------------------------
-.-------------.----------------------.3105.lgll.1o18------------------
-.2------------------.35%.2435.1339-------:;-;------.13S0.0742.0376
1-.------------------------------------.1*
0

.0838---------------;--
.3334.2436.1%4.2389.~e .=07.1224.n54.0764 0

.1--------------------------.-.-----.-.m12.0785.0588---:----------------------.---------.* .1463.10%-------------------.1390-.0742-●0376
:;-------------------------------------●0919.4------------------

.0008.ol@------------------
-.0534.0662.0643------------------------------------

.5-.0548.Ogsl..0704-------------------------------------.31.I.2-.1510-“06*

.6-------------------.lg26-.0117.021.3-.2745-.071.7-.0306------------------

.7-.2104.0157.0314------------------------------------------------------

.9-.3413-.04EQ-.0003-.3522-.0903-.020s------------------------------------

p=0.9

0.7------------------0.55210.29560.13690.4U7o.&lg0.1279------------------
-.60.63k20.32200.1457.5326.3132.15%------------------------------------------------------------------------------------------
::$.5759.3488.l@o

0.34080.21600.W7
.481.3392.2032.3896.2822.1785------------------

-.2----.-------------L.32 .3383.2362.27W.24~.leo5.1:60.73 “0:33
o “3581.3363.22s’6.*U .2934.256.w6 .1647.1405
.2------------------.1060.2021.1h -.0263.0s03.0650-.1*-“33Q3-“0733
.4.0259.1741.1556-.0636.0831.1080-.U?oo-.0622-.0124-------------------------------------------.-----------------------.3408-.!2M0-~m
:2:Zii .0602.08u2 .0?54------------------------------------
.7------------------::?&::%%-.0081-.3542-.I.658-.0780------------------

lTATIomIlADvmcm
COkmTI!EEFORAEW17A~S
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.

T%%
U.o a. 0.- u. 0.4s u. O.p U“o.$rl

(a)

All 49 -w” -l& If w * 4!P + -xl” -w’ &’ ly 3$’w -# -32” as” & * * *’-w -50” -w .0“ u+ 30”w’

q.09

~ ;~ !!$~x;:#[g~$;;;$$~;;~,:,.~;
-—---------OH —--- Og ;-&- ~ ---- -— 0.633 ----- o.~= -—- --------- 0.997 O.’@ --—- O.* O.* --—

..-. ----- ---- o.~m --- ---- o.@ * --- O.m ---- ----- --— O.w --- 1.W7 1.Z931.0s ----- .@ :2 0.3J3

.% o% 1AM 1.!631.3* -:- .916 .’@ .5 2.& P.@ 1:7% 1.48 1:% .8.56:

*.=1 ~i_ :2 ~.1 ::--:3 %s %-k Hi :$3 ;& ,.$
-—- -— -------— —.- --— —-- 1:5k?I.m 1.

- —-- -—- ---- ---- --- -—- 3.M 4.57 6.cs3.5.59 5.s0 3.R? 1.’P

—.. —- ---- —- -:------- --- 2* 2.y2Je.3gJp,
A l:W L* 1.$001.* ------I.&g 1.M 1.6M Q.* Q.k& 2.* 2.* .2.* 2:

,,m ---- ---
~$~ e:% ‘~- ::% ‘“m ‘LF ‘-*

E?! !!5! i~ –- . ------ ,L & kg ;j@ ;:% :$ ;~
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